This research presents a strategy and information system to manage the logistics of delivery ready mixed concrete (RMC) under the integrated environment of PMIS+RFID. PMIS is system tool and technique used in construction sectors to delivery information. Information that can be extracted electronically in real time is more valuable than data gathered and maintained manually. RFID technology can help to improve data accuracy through supply chains and by identifying products and objects at specific points through automatic identification. The objectives of these two implementations can be able to improve the efficiency of logistics management for RMC truck process, and to verify the technical and practical feasibility of PMIS+RFID application in construction industry. This may be realistic given the dynamics of daily activities on construction sites. This research is focused on examples on real-world case study, applications and research theme related and connected to PMIS+RFID technology. It demonstrated that PMIS+RFID technology has been automatically implemented and has shown process information about the RMC truck and the overall status information about it, both quickly and accurately. As a result, the construction site where needs 300 ㎥ pouring (50 RMC trucks) per day can be reduced total 250 minutes. Moreover, this time saving is related to the labour cost saving. From the case studies, RFID+PMIS system was proven in terms of effectiveness rather than current method.
Introduction
Supply chain management (SCM) of construction material delivery is one of important key to a successful construction project. Along with the development of the SCM for the construction industry, as one of the key operations within the SCM, an efficient ready mixed concrete (RMC) delivering process becomes important to the RMC batch plant [1] . RMC is an essential material in contemporary construction and engineering projects, and thus it is imperative that the process of acquiring and handling RMC is managed with the However, control of these operations requires the more reliable information system. To address these difficulties, this research applies advances in a computer and information technology (IT), project management information system (PMIS), and using [8] developed general project control issues and describes the development of labor-input monitoring model based on automated data collection. Choi [9] showed RFID system's case study and its possibilities of future directions in A/E/C industry.
Song et al. [10] presented an approach by which RFID technology is demonstrated to be feasible in determining the 2D location of materials, without modifications to current hardware and potentially at a magnitude of less cost than pure global positioning system (GPS). Goodrum et al. [11] examined a spectrum of RFID systems in the development of a tool tracking prototype for the construction industry. Ergen et al. [12, 13] identified how RFID technology can improve current facility management processes, and to determine technological feasibility and reliability of using RFID within a facility on a daily basis for facility management processes, and a GPS was used to track and locate components in a precast concrete storage yard. Based on these researches, it appears that RFID is a promising technology as it related to construction industry. There has been a lack of instruction on how it can be exactly applied to real- In addition, the barcode is much more fragile because fluids and rough handling may destroy the readability. Still, barcode cannot offer all the advantages achievable with RFID. RFID refers to a branch of automatic identification technologies in which RF are used to capture and transmit data [7] . Table 1 shows a high-level overview of the five comparisons made earlier a barcode and RFID.
RFID in General
The concept of RFID working process is simple. RFID uses RF waves instead of light waves to read a tag. The technology of RFID is that connects objects to internet and databases, so it can be tracked or identified, and associated project managers and engineers can share data. RFID system is composed of a reader, a tag, and a predefined protocol definition for the information transferred as shown in Fig. 2 .
Figure 1. Plain plastic RFID card
The reader contains, at a minimum, an antenna and a scanner and is used to communicate with a tag. When an object passes by the reader, an antenna located in the reader creates a magnetic field [6] . The most atomic element of RFID is the tag. The tag contains a small integrated circuit chip that is attached to or implanted in the objects being identified as shown in Fig. 1 . The integrated circuit chip contains a microprocessor, memory, and a transponder. The communication protocol between the antennas on the tag and on the reader allows the two entities to pass data back and forth [14] .
The tag uses the energy created by the magnetic field for transmitting the information to the reader, which is received by the reader and then sent to the host computer [6] .
RFID tag types
The most atomic element of RFID is a tag. The tag contains an antenna and a small microchip [14] . 
RFID frequency
RFID frequency is classified 4 different kinds.
The most common frequency is the low frequency.
It works 125KHz-135KHz, normally utilized for access control and asset tracking [16] . The high frequency that used in active tags has 0.5m read range and utilizes 13.56MHz. In addition, high frequency is commonly applied when a medium data is required [16, 17] . The Ultra-High frequency which operates from 400MHz to 960MHz is used when require long read range from 1 to 5m [17] . The last frequency band which called Microwave Frequency can detect a tag from 0 to 500m using active tag, uses 2.45GHz to 5.8Hz of frequency band [17] .
Development of the RFID+PMIS System

System architecture
The PMIS+RFID technology has been developed using Microsoft.Net and SQL server. The system architecture is designed as shown in Attached to the chip is the antenna, whose purpose is to absorb RF waves from the reader's signal and to send and receive data [18] . The antenna is also known as the coupling mechanism [14] . In electronics, coupling refers to the transfer of energy from one medium to another [19] . The transfer of energy is in the form of magnetic field, which is the way the tag and reader communicate. In the correct environment and proximity to an RFID tag reader, these antennas can collect enough energy to power the tag's other components without a battery [14] .
Based on the type and intended use of the tag, the antenna may have many different shapes and sizes [14] . The larger the antenna, the more energy it can collect and then send back out. Larger antennas, therefore, have higher read ranges although not as high as those of active tags.
Antenna shape is also important to the performance of the tag. In this research, the tag is a plain plastic RFID card that can be used as a clip for an invoice to track the process of RMC trucks. The tag can simultaneously communicate storage and transfer locations information with the unit en route [6] . It comes with the invoice and contains the information to a construction site. In this research, the tag do not attached directly to a RMC truck, but it is inserted with the invoice, so that RMC truck logistics and process can be tracked automatically by PMIS. The tag identification numbers are then assigned to the associated information data such as a RMC truck number, order date, quantities, and etc. as shown in Fig. 4 and 5. Information data of RMC trucks could be stored in the PMIS database server and read whenever they are needed. And it is necessary and practical to consider the reusability of RFID tags of a plain plastic RFID card type in the RMC truck application to meet the economic requirements. The process in this pouring phase is developed by considering some practical points. The construction site manager needs an easy process for controlling one by one the RMC truck. Employees of the construction site can check the process of concrete pouring and test the final quality inspection of the concrete. RMC trucks which have completed their pouring return to the plant and prepare for the next round of its delivery. As presented above, the overall process status, order, loading, delivery, pouring, and the RMC truck return, as well as the RMC truck process from a plant to a construction site was easily identified on PMIS server as shown in Fig. 3 .
Processes of autonomous data collection
This interface program constantly runs during the whole process of RMC delivery, and reads and stores new tag information as soon as it is 
Data transform and processing
The PMIS+RFID technology provides useful information over the whole process of a construction project. In the system monitoring process, associated project managers and engineers can obtain access to the RMC truck information on the PMIS web at the same time. In the same way, they can access information and adjust the truck interval for RMC delivery as well.
Automatic acquisition of RMC truck data requires the construction manager to develop an integrated software system part and interface system part.
The software system is used by RFID technology.
The status information generated during the whole process is acquired using the RFID technology components in the wired or wireless internet. The interface system part, PMIS, is developed in a web environment. The PMIS is connected to the internet server and can recognize each stationary reader using its IP address. Thus, information data from all stationary readers are saved in the database server, and the status of a RMC truck process can be checked anywhere at anytime using PMIS. It was developed to provide status information in real time through the internet based on PMIS. The PMIS should update the RMC truck process data and allow for head officers, site managers, and subcontractors to access the data through the wired or wireless internet. The interface system of the PMIS is connected to the plant system at the RMC plant as well. The system could receive information data of RMC trucks automatically. It can there easily be adopted for use during the construction process.
They monitor the process of the RMC truck anywhere at anytime by visual inspection and make decisions on delivery interval as well. By contrast, the PMIS generates a variety of information data on RMC truck process. The PMIS is a combination of different technologies that should be tested on actual construction site to verify its effectiveness.
The building project was selected as a case study to test the feasibility of developed system. Using these data, associated project managers can check the three time points, shipping, entering, and finishing, as shown in Fig. 6 .
Case Study
According to recent report that it is known that up to 70 % of the overall construction cost is direct cost relating to material, manpower, and machinery [20] . The purpose of the case study was to test the applicability in real-world of the PMIS for monitoring and controlling with RFID technology. Therefore, this case study describes RFID+PMIS system applications focus on RMC process management.
In this research, 914 MHz RFID tags with passive type were chosen and the tag is a plain plastic RFID card that can be used as a clip.
Communication technology has advanced to the associated project of managers. Site engineers can directly access the PMIS server from anywhere at any time if they can access the internet using PCs, PDAs, and mobile phones. The decision was based on reviews of technological feasibility, field testing.
RMC management process
Suggestion procedure in this study is shown can adversely affect quality, but it also implies that the pouring work can be conducted without interruption [21] . The RMC plant personnel can present this information on RMC truck process in the PMIS environment, and decide whether or not to adjust the RMC truck intervals or the number of RMC trucks. 
Monitor method of PMIS
Result and discussion
The test results indicate that the application 
Conclusion and Recommendations
